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Strong Coupling a.s(u) —Common Features

- Determinations o of entall
Z(Q)=R(Q)+0 "S(M,Q)
R(Q) =Y Ri(Q/uw)og(u) =Y Rio(Q)
=0 =0

0z (0) = %(ngl_ Ko
jl(zgé = —2B(ay)

vary Q to check running as predicted by perturbation theory < tame power

corrections (suppression, fitting).

- Resources: ShowWP on o, FLAG 2021 chapter on o, [arXiv:2111.09849].



https://inspirehep.net/literature/2053387
https://inspirehep.net/literature/1971260

Strong Coupling as(w) —High

—nergy @ pQCD

- Numerous methods:
» different olbservables;
- different probes;
- different systematics.

- Consider “QQ bound states” ¥

- actually, moments of R(ete-);

- same PT as in heavy current-current
correlation functions (“heavyCurr”).
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Strong Coupling o,s(u) — Lattice QCD @ pQCD

+ Step scaling aka “QCD inacan” of - Ghost-gluon vertex, momentum O:;
diameter L;

- Eigenvalues of the Dirac operator.

- Static Potential (aka static energy)
with separation r; <mszob s
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- light-quark current-Current
correlators at space-like Q;
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- Small Wilson loops of size ~a;
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http://flag.unibe.ch/2021/

Ingredient Small Wilson loops LGT witha — 0 DIS scaling violation
Obtain Z(Q) Compute from QCD Lagrangian Measure e-p scattering
Large energy scale -l L1, 2mg, ... Momentum transfer Q
Scale separation OPE Various OPE
Perturbation theory Lattice (NLO, maybe NNLO) Dimensional regularization (NNLO, N°LO)
Number of quantities Several one or few Several
Electroweak Omitted by construction Included in data and theory
BSM Omitted by construction Unknown/omitted
Units in GeV Hadronic quantity, viz., Q = Mppg|(Qa)/(Ma))at Detector calibration




Strong Coupling a.s(u) —Summary of

FLAG2021

FLAG + PDG

Lattice

FLAG estimate

vacuum polarization
Step scaling
Q-Q potential
Wilson loops

Current two points

Nonlattice

PDG 20 nonlattice average

PDG 20 EW precision fits
PDG 20 Hadron colliders
PDG 20 Jets
PDG 20 DIS

PDG 20 Quarkonia-decay
PDG 20 Tau-decay
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http://flag.unibe.ch/2021/

Strong Coupling as(w) —Needs for Lattice QC

- Numerical lattice gauge theory:
- higher statistics;
- finer lattices.
- Perturbation theory (e.9.):
- full four-loop static energy;
» four-loop quarkonium;
+ step-scaling observables in MS;

* Wilson loops N3LO or N4LO?




Strong Coupling as(w) —Needs for Lattice QC

- Numerical lattice gauge theory:

- higher statistics;
exascale

- finer lattices. computing

- Perturbation theory (e.9.):
- full four-loop static energy;
» four-loop quarkonium;
+ step-scaling observables in MS;

* Wilson loops N3LO or N4LO?




Strong Coupling as(w) —Needs for Lattice QC

- Numerical lattice gauge theory:

- higher statistics;
exascale

- finer lattices. computing

- Perturbation theory (e.9.):
- full four-loop static energy;
» four-loop quarkonium;
+ step-scaling observables in MS;

| Does precision permit
+ Wilson loops N°LO or N#LO? fitting not truncating?




